Summary. When non-motile spermatozoa were used in seminal plasma for artificial insemination, rapid sperm transport to the oviducts was observed in every animal examined 15 min after insemination. Rapid transport never occurred when non-motile spermatozoa were suspended in artificial media, but when motile spermatozoa were suspended in artificial media they were frequently recovered from the oviducts within 15 min. Two successive artificial inseminations 15 min apart were each followed by rapid transport when both inseminates contained seminal plasma; when the second inseminate consisted of spermatozoa suspended in saline, only the first sperm population reached the oviducts. Rapid sperm transport was effectively blocked with the \ g = a \ \ x = r e q -\ adrenergic antagonist phenoxybenzamine. We therefore conclude that : (1) sperm motility is not required for rapid sperm transport in rabbits, (2) constituents of the seminal plasma may initiate rapid transport by stimulation of vaginal contractions, (3) independent contractions of the uterus under control of the sympathetic nervous system may continue the transport process once the spermatozoa reach the uterus.
Introduction
Immediately following insemination, rabbit spermatozoa are transported rapidly through the female reproductive tract to the upper oviduct and peritoneal cavity (Overstreet & Cooper, 1978) . Similar rapid transport phenomena occur in animals of many other mammalian species (Overstreet & Katz, 1977 ; Overstreet, 1983) . Since this speed of sperm passage far exceeds the swimming speed of the spermatozoon, it has been assumed that muscular contractions of the female viscera are primarily responsible for this event. Rapid transport of dead spermatozoa has been demonstrated in pigs (First, Short, Peters & Stratman, 1968) and cows (VanDemark & Moeller, 1951) , but the role of sperm motility in the rapid transport of rabbit spermatozoa has been less clear since Dandekar, Vaidya & Morris (1972) failed to recover rabbit spermatozoa from the oviducts when non-motile mate. Approximately 2 h later, artificial insemination was carried out. Semen was collected with an artificial vagina from New Zealand White male rabbits of proven fertility. Intravaginal artificial insemination (0-5-1-25 ml) was carried out by the method of Adams (1962) .
Females were killed 15 min after artificial insemination by an intravenous overdose of pento¬ barbitone sodium (Nembutal: Abbott Laboratories, North Chicago, Illinois). The reproductive tract was exposed and divided with haemostat clamps into cranial vagina, cervices, uterine horns, upper and lower oviducal isthmi and upper and lower oviducal ampullae (Overstreet & Cooper, 1978) . Each (Overstreet & Cooper, 1978) .
In 6 replicate experiments, spermatozoa were killed by exposure to the spermicide +/-1-[2-(2,4-dichlorobenzyloxy)-n-octyl] imidazole oxalate, which was prepared in saline (0-9% (w/v) NaCl) at a concentration of 350 µg/ml. Spermatozoa were initially separated from seminal plasma by centrifugation, and the pellet was resuspended in 1 ml spermicide solution. After 10 min the suspension was centrifuged at 500 g through a 5 ml column of 10% ficoll (Ficoll, (Overstreet & Bedford, 1974; Blazak, Overstreet, Katz & Hanson, 1982) , but because of their contrasting fluorescence (FITC, green; TRITC, red) they can be used to identify two different sperm populations after recovery from the female. The dyes were prepared in the Brackett & Oliphant (1975) medium (1-0 mg FITC/ml; 1-0 mg TRITC/ml) as described previously (Blazak et al, 1982) . One part of semen was diluted with 2 parts of the dye solution; after 10 min the labelled spermatozoa were washed through 10% ficoll in Brackett & Oliphant's (1975) medium. Following centrifugation, the labelled sperm pellet was resuspended in seminal plasma or Brackett & Oliphant's (1975) medium. In 8 replicate experiments both sperm populations were resuspended in seminal plasma (Exp. 4A). At 15 min after the first labelled population was used for insemination, the second population (with the contrasting label) was used.
The tract was flushed 15 min after the second insemination, and the two populations were identified by phase-contrast fluorescence microscopy (Blazak et al, 1982) . In a second series of 7 replicate experiments (Exp. 4B), only the first inseminate was suspended in seminal plasma; the second inseminate was suspended in Brackett & Oliphant's (1975) (1 fewer spermatozoa were recovered from the oviducts and ovary. There was evidence of rapid sperm transport in 3/4 control animals (i.e. spermatozoa were recovered from the upper oviduct and/or ovary). Sperm numbers recovered from the cervix were higher in the control group ( (Freund, 1973 (Fuchs, 1972) . There is no evidence that significant amounts of seminal plasma reach the rabbit uterus (Asch, Balmaceda & Pauerstein, 1977) and it is likely that a set of independent stimuli initiate and control this activity. In our experiments rapid transport was demonstrated when there was no seminal plasma in the inseminate. However, whereas sperm motility was not required for rapid transport in the presence of seminal plasma, only motile spermatozoa were transported to the oviducts when seminal plasma was absent. This suggests that when passive transport was not induced by seminal plasma, the spermatozoa had to traverse the cervical canal by active swimming. The contractions of the rabbit uterus that are associated with mating continue for at least 5 min (Fuchs, 1972) . This is a sufficient interval for rabbit spermatozoa to swim from the vagina to the uterus and then be transported rostrally before uterine contractions cease (e.g. a spermatozoon swimming at 40 µ /sec could traverse 12 mm in 5 min). These interpretations are supported by the finding that, after insemination of non-motile spermatozoa in an artificial medium, virtually no spermatozoa were recovered from the cervix. In contrast, a significant cervical sperm population was present when there were actively motile spermatozoa and/or seminal plasma in the inseminate.
Successive artificial inseminations were each followed by rapid transport when both insemi¬ nates contained seminal plasma, but a second rapid transport was not observed when the second inseminate was suspended in saline. Fuchs (1972) (Fuchs, 1972) . Uterine contractions after artificial insemination could be initiated by pressure or stretch receptors in the vagina (Fuchs et al., 1965) , although this mechanism was not investigated in our experiments.
The present experiments clearly demonstrate the pre-eminent role of female visceral contrac¬ tions in rapid sperm transport. They also suggest an important function of the seminal plasma in initiating these events. Nevertheless, many questions about the process remain unanswered. The intriguing phenomenon of unilateral rapid transport in the left oviduct (Overstreet & Cooper, 1978) was again apparent in the present experiments (for 30 of the 36 animals with rapid sperm transport, spermatozoa were recovered exclusively from the left side of the tract). The biological importance of rapid transport remains an enigma, particularly in the rabbit, a reflex ovulator in which rapid sperm transport appears to be lethal to the spermatozoa (Overstreet & Cooper, 1978) .
With the evolution of internal fertilization and limited numbers of oocytes, a highly controlled and complex physiological system must have emerged to ensure union of the gametes. If the physiology of this system is in any way analogous to other luminal transport systems such as that of the gastrointestinal tract, many local messengers may be involved in its control (Overstreet, 1983) . In view of the fact that rapid sperm transport is apparently ubiquitous in mammals, this process may play a key role in signalling the onset of sperm transport to the female tract.
